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INTRODUCTION
The preponderance of available evidence suggests a potential outcomes benefit for scene helicopter emergency medical services (HEMS) transport of injured patients. 1−3 The importance of air medical transport as a component of U.S. trauma care has been widely acknowledged. 4, 5 However, there are persistent and significant challenges in the identification, at the time of prehospital vehicle triage, of patients who will likely benefit from air medical dispatch. 6−9 In fact, triage refinement may be the most pressing research need in HEMS. Both HEMS supporters and detractors agree that, just as trauma triage in general remains an imperfect science, there is room for improvement in air medical triage. 9, 10 Thus, the major thrust of ongoing research in the air medical triage arena is aimed toward identifying HEMS activation criteria that optimize helicopter utilization. The prime importance of elucidating high-performing triage criteria is acknowledged, but the current study was undertaken to address a different, more "downstream," issue: regional compliance with triage guidelines that are already in place.
In the years before the study was conducted, a consensus approach was taken in our state, to generate HEMS triage guidelines. The resulting guidelines for air medical use (Table 1) are imperfect, but they have the advantage of representing a single, objective set of HEMS use criteria, promulgated by the Commonwealth of Massachusetts Office of EMS, and applicable statewide. Thus, even while the past few years' emerging trauma triage data. 11, 12 have resulted in ongoing work to update the guidelines, there are important lessons to be learned from assessing our region's performance in complying with the existing criteria. Since even the best triage guidelines are unhelpful if they are not followed, it is hoped that the current study can assist in the overall process of optimizing use of the helicopter resource. This study's specific goals were thus to: 1) assess one HEMS service's scene responses to determine the rate of compliance with our state's HEMS dispatch guidelines and 2) determine whether there were identifiable (and possibly remediable) factors associated with outof-guideline helicopter use.
METHODS

Setting
The study was conducted at Boston MedFlight (BMF), which at the time of the study operated two rotor-wing aircraft. A nurse and paramedic crew, operating under direct and indirect medical control, responds to approximately 500 trauma scenes annually. BMF scene response requests are initiated by basic life support (BLS) or advanced life support (ALS) providers, operating under the statewide treatment and triage guidelines (see Table 1 ). BMF scene responses are nearly exclusively confined to the Commonwealth of Massachusetts, although there are occasional missions to neighboring states. The BMF service area comprises four emergency medical services (EMS) "regions" (in Massachusetts) from which air transport occurs. Patients are transported to one of six urban academic adult and pediatric trauma centers in Boston.
Study Design
This institutional review board-approved study was retrospective, in that accrual of subjects for the study occurred after transport was completed. Study personnel adjudicated whether HEMS scene transports met statewide criteria by review of transport and hospital records, clarifying triage decision making by direct communications with the EMS personnel who had requested air medical transport.
Variables
Study variables included location from which air transport occurred, prehospital times, trauma mechanism, and patient characteristics. The study also collected data on patient treatment courses, including HEMS interventions (e.g., intubation, analgesia provision), trauma center workup (e.g., operative intervention), and patient outcome.
The study's dependent variable of main interest was whether a given HEMS scene response met the statewide air medical trauma triage criteria as outlined in Table 1 . Those transports that met triage criteria were classified as MTC (i.e., "met triage criteria") transports; other missions were classified as non-MTC. At least two study personnel assessed each case (there were no instances in which assignation of MTC status was in question, so no kappa was assessed given 100% agreement).
Analysis
Descriptive analysis was performed to assess variables such as patient demographic information and the frequency of MTC transports. For nonnormally distributed continuous data, central tendency was assessed by calculation of median with interquartile range (IQR).
Univariate analysis focused on the dichotomous outcome MTC, employing Kruskal-Wallis nonparametric testing (for noncategorical data) and Fisher's exact test (for categorical variables). Multivariate analysis was performed with logistic regression, with results reported as odds ratio (OR) with 95% confidence interval (CI); the likelihood ratio test (LRT) was used to assess significance of covariates in nested regression models.
All analysis was performed with STATA 10/MP (StataCorp, College Station, TX). For all tests, significance was set at the p < 0.05 level.
RESULTS
The 100 patients' trauma scene requests came from 76 different agencies in the BMF service area. Patient characteristics, including selected data on patient interventions and follow-up, are shown in Tables 2 and 5 .
Information on patient care interventions is provided for descriptive purposes. Pre-HEMS providers intubated nine patients, and administered analgesia in eight cases. The HEMS crew intubated 25 patients. Flight crews also administered opioid analgesia in 75 cases (72 fentanyl, three morphine). (For the 37 cases in which a ten-point numeric pain score was documented, the median was 9 with IQR 8-10.)
Of 100 patients, 73 met the HEMS triage guidelines. Pertinent results are depicted in Table 3 .
Univariate analysis failed to identify an association between MTC status and demographics (Table 4) , including in the adult versus pediatric age classification, for those patients between 10 and 55 years old (p = 0.726). There was also no gender-related difference in the likelihood of patients' MTC status (p = 0.801). Table 4 also shows lack of univariate association between MTC status and logistics related to referring region, prehospital times, and transport distance.
Multivariate analysis assessed for associations between independent variables and the dependent dichotomous variable MTC. Covariates identified as significant in logistic regression included age (OR 1.07, 95% CI 1.03-1.11, p = 0.001) and transport distance (OR 1.05, 95% CI 1.01-1.10, p = 0.028). A model including these variables and mechanism of injury (p = 0.016 by LRT) revealed a significant association between referring region and likelihood of MTC status (p = 0.006 by LRT). Although low study numbers reduced point estimates' robustness, Wald p-values indicated that, as compared with the MTC likelihood (74%) of the region (Massachusetts Region D) with the most transports, MTC likelihoods were significantly lower for the New Hampshire patients (50%, p = 0.016), and higher for transports out of Massachusetts Region B (94%, p = 0.037).
Although the study aimed to assess compliance with, rather than appropriateness of, HEMS triage criteria, some summary data on the non-MTC patients are presented. None were intubated, either before HEMS arrival or during air medical transport. Most (19/27, 70%) were involved in motor vehicle collisions. There was one patient with each of the following diagnoses: electrical injury, distal digital amputation, and motorcycle crash. Of five non-MTC patients with "fall" mechanism, 
27 * Many patients met more than one constituent criterion within the physiologic, anatomic, and special categories.
one was a snowboarder airlifted off of a resort mountain after sustaining a hand crush injury, one was kicked in the face by a horse after falling from her saddle, and three sustained falls from 12-, 20-, and 40-foot heights. Although two of these patients underwent nonemergent orthopedic operative intervention, none were seriously injured.
DISCUSSION
Currently available guidelines for HEMS dispatch are far from ideal. In fact, it can be argued that, as an agenda item for further trauma-related air medical research, improving HEMS triage constitutes the highest priority. In the words of a National Highway Traffic Safety Administration (NHTSA) report:
Better utilization of air medical services can produce reductions in mortality and morbidity of crashes. Such benefits can be achieved with faster response and transport times, higher quality care at the scene and in transport, and at the highest-level trauma center. The goal is to facilitate air medical care when needed, and avoid overutilization when not needed. 13 The NHTSA authors, confirming that the current triage system needs improvement, emphasize a need to "develop information systems and protocols that help to distinguish those who are likely to have serious injuries from those who are unlikely to have serious injuries." 13 The need to avoid both over-and under- triage is important to remember, since either error type can result in adverse impacts on both patients and EMS systems. 14, 15 For triage to high-level trauma center care, the American College of Surgeons (ACS) has posited that "an undertriage rate of 5-10% is considered unavoidable and is associated with an overtriage rate of 30-50%." 16 The overtriage rate most commonly accepted in systems studies approaches 50%. 12, 17 Such levels of overtriage are easily understood when one begins to review the triage science state-of-the-art. For instance, a large study from New York State finds requirement for major operative intervention in a fourth of registry patients in whom the (low-specificity) criterion "pulse abnormality" was the only triage trigger. 18 There is no universally accepted rate of appropriate overtriage and undertriage, and in fact there is no "gold standard" for measuring triage accuracy. 19 Much energy is being devoted to refining trauma triage (and by extension, HEMS dispatch) guidelines, but the task is difficult. Limitation of triage to anatomic and physiologic criteria results in dangerous levels of undertriage-some degree of trauma mechanism and provider judgment needs to be incorporated. 18−28 Similarly, restricting HEMS dispatch decision making to a logistics basis is inefficient. 29 Furthermore, the triage situation is also becoming increasingly complicated by systems issues, which range from ED diversion to subspecialist unavailability. 15, 20, 21 Although this study's data include some outcomes information, a relatively small single-center analysis is not well suited to vigorously test triage criteria performance. Thus, while acknowledging the primary import of defining triage guidelines, the current study sought only to determine whether prehospital providers followed existing guidelines. Even ideal triage guidelines-if and when they become available-are not useful if they are not followed. At the time of this study's execution, our EMS region seemed well positioned for an assessment of guidelines compliance, since a widely publicized collaborative effort to update air medical trauma scene dispatch had been executed (and endorsed/promulgated by the state EMS authority) a year before. It is both a study advantage and a limitation (see next section) that our sole intent was to determine whether prehospital HEMS activations were "guideline-compliant."
The study's findings with respect to guideline compliance provided areas for useful focus. Most notably, there was broad variation (50-94%) between different regions' likelihood of guideline-compliant HEMS missions. Even if the region with the lowest rate of guidelines compliance is discarded from consideration (which is reasonable, given the fact that this 50% rate was observed in a small population from a neighboring state), the variation among Massachusetts regions provides valuable focus for future educational efforts. Importantly, the study's multivariate analysis confirmed that the association between referral region and guideline compliance remained even after adjustment for patient characteristics and logistics. The suggestion from the results is that, given a similar patient with similar time-distance factors, different regions may have different thresholds for HEMS activation.
Other than regional variation in the appropriateness of HEMS use, there were few easily identifiable predictors of the alignment of air medical dispatches with triage criteria. There were variations in guidelineappropriateness between varying injury mechanisms, but this finding was both predictable and largely unhelpful as a guide for future educational efforts. The predictability of certain mechanisms (e.g., burns, penetrating injury) as being highly correlated with guideline-appropriate triage is based on these mechanisms' being specifically mentioned in the guidelines. Furthermore, there are no obvious educational efforts that will improve guideline compliance for patients with broader mechanisms such as "motor vehicle collision." The injury mechanisms were an important covariate for inclusion in multivariate modeling, to ensure that region-specific variation in guideline compliance was not dependent on casemix. However, the results of this study do not clearly identify remediable injury mechanism-based triage errors.
The authors suspected, incorrectly as it turned out, that HEMS activations occurring during rushhour times would be more likely to be guidelinenoncompliant. In fact, the likelihood of guideline compliance was only very slightly lower for the 30 "rush-hour" patients (70% vs. 74%). This difference was not significant in univariate analysis (Table 4) , nor was the "rush-hour" term significant when forced into the multivariate model incorporating referring region, injury mechanism, age, and transport distance (rush-hour term p = 0.478 by LRT). The multivariate model did suggest that the study had insufficient power to draw final conclusions about association between rush-hour status and criteria-noncompliant HEMS use, since the CIs for the OR (point estimate: 0.64) were wide (0.18-2.22).
Related to the issue of rush-hour transports were the other logistics factors assessed in the study. None of these factors were identified as significant predictors of MTC status in univariate analysis. Whereas transport distance was found in multivariate modeling to be a significant predictor of guideline-noncompliant HEMS missions, adjusted analyses failed to identify the other time-distance variables as significant predictors of MTC status. Interestingly, the association between increasing transport distance and MTC status was positive, meaning that guideline-compliant HEMS use was slightly (but statistically significantly) more likely with increasing distance from the receiving trauma centers. Although the results should be considered preliminary, the data from this study's 100 HEMS scene missions are consistent with minimal, if any, HEMS overtriage (in our area) that is attributable solely to logistic considerations.
Our interpretation of the study's results is that a utilization review process may be able to identify geographic areas within a given HEMS region, for which air medical scene requests are less likely to meet agreedupon guidelines. Based on the results in this study's data, our transport program is collaborating with others in the state to concentrate educational efforts in those areas with lower MTC results. Since educational resources (including crew time and travel abilities) are finite, performance of this study has been beneficial in its effect of allowing better focus of utilization review and associated feedback and education. Currently, Massachusetts HEMS triage guidelines are in a review and update period. Like many areas in the United States, our region has begun to move toward triage guidelines that are consistent with the National Association of EMS Physicians (NAEMSP) guidelines for air medical dispatch.. 10 When our state's HEMS triage refinement process culminates in updated air medical dispatch criteria, we plan to repeat the current study methodology to assay results of educational interventions (namely, focused feedback and education) implemented as a result of the current study.
It is well known that ongoing assessment of a system's compliance with triage guidelines is an important part of utilization review. As described by others, a number of factors are required for judicious utilization of HEMS resources (e.g., medical oversight, cancellation by on-scene responders, strict utilization review). 30 Given the facts that rapid transport to trauma centers saves lives. 5 and that much of the U.S. population can reach Level I centers in a timely fashion only by HEMS, 4,31 appropriate use of helicopter resources is critical. Both the generation of and the compliance with HEMS triage criteria are worthy areas for trauma care systems' attention.
Limitations
The current study's most important limitation is its narrow focus. The intent was not to ascertain the discriminatory performance of our state's HEMS triage criteria, but rather to assess prehospital providers' compliance with those criteria. As such, no conclusions should be drawn from the current study's data about the "correctness" of the Massachusetts HEMS triage guidelines.
On a related note, drawing of meaningful conclusions about association between MTC status and injury mechanism is rendered difficult by the triage criteria's specific naming of certain injury mechanisms (e.g., burns, penetrating wounds), which were in turn uniformly predictive of MTC status. Thus, the univariate finding of significant (p = 0.011) association between MTC status and injury mechanism (subgrouped a priori into fall, motor vehicle collision, motorcycle collision, and "other") is of importance primarily to demonstrate need to incorporate this variable in multivariate models.
As an additional limitation, while the assigning of MTC status was straightforward (the criteria are fairly simple), the rigorous nature of this study's MTC designation may not have done justice to prehospital providers' need to exercise judgment. In other words, prehospital providers in a given case may be making helicopter activation decisions that-while falling outside the agreed-upon guidelines-represent rational use of HEMS. For instance, one non-MTC patient was a snowboarder evacuated off of a mountain resort after sustaining a fall causing a crush to the hand. This patient was ultimately found to have distal digital injuries that did not require high-level operative management, but it is not clear that prehospital providers on a mountainside should be expected to differentiate operative from nonoperative hand crush injuries. Furthermore, the utility of HEMS in the alpine setting is well described, 32 but the transport was correctly classified as non-MTC. It is similarly difficult to vigorously criticize HEMS activation for three non-MTC falls, from heights of 12, 20, and 40 feet-potentially impressive mechanisms, although the patients' scene examinations and ultimate hospital courses ultimately confirmed "correctness" of the study-assigned non-MTC status. Whereas these debatable points on triage criteria's sensitivity and specificity may have had some influence on the study results, the multivariate assessment adjusting for injury mechanism suggests that such influence was minimal.
An additional point about triage criteria relates to HEMS crew interventions. The Results section provides some air medical crew interventions for informational purposes only. There is no assumption that any of the 25 HEMS intubations was lifesaving. Furthermore, although the provision of opioid analgesia to patients in severe (untreated) pain was doubtless beneficial, the fact that HEMS represented the only means for potent analgesia does not (in our area) constitute grounds for helicopter dispatch.
In a successful effort to obtain a consecutive case series, with conversations with both pre-HEMS providers and receiving trauma centers, the study size was limited to 100 scene transports. As noted in the Results section, this number may have been too small to provide robust point estimates for some independent variables (e.g., rush-hour transport status). However, the study's n was clearly sufficient to identify as statistically significant the major a priori-defined variable of interest: regional variation in MTC likelihood. This study's focus on scene HEMS requests means the methodology was limited to assessment of prehospital providers,' not physicians,' activation of air transport. We think it is important to point out that while prehospital provider triage is not perfect, neither is physician triage of helicopter transport resources. It should be noted, however, that physician HEMS referrals (for interfacility trauma flights) are not consistently sensible from a resource-utilization standpoint. 20, 21, 33 The issue of physician triage is related to the current study's focus, in that those critical of EMS triage performance should keep in mind that even physician triage shows considerable room for improvement. In fact, prehospital trauma triage may be just as accurate as that which occurs at the community hospital. 34 Assessment of over 10,000 injured patients undergoing initial evaluation at 43 non-trauma center community/rural hospitals in Oregon. 33 found that even after adjusting for patient and hospital-logistic characteristics, there was substantial heterogeneity between different institutions' transfer practices. When it comes to transferring patients (by either ground or air), there seems to be room for improvement regardless of whether transport decisions are made by community hospital physicians or prehospital providers. Just as paramedic judgment remains an important component with demonstrated potential to improve prehospital triage, 21 "physician discretion" remains an important (and subjective) part of secondary/physician triage. 20 The information in this study is believed to be potentially useful for other systems, in that it clearly demonstrates the need for attention to compliance with agreed-upon protocols. Our results have shown our region that while we continue to work on refining protocols, similar attention should be focused in our system (and others) on ensuring prehospital providers' compliance with existing guidelines. Although the current study focused on HEMS triage decision making by prehospital personnel, it is also important to focus attention on helicopter activation decisions made by physicians. It seems likely that, just as prehospital providers may benefit from ongoing education about HEMS utilization and appropriateness, similar conversations with physician activators of HEMS transport may be useful.
CONCLUSIONS
While ongoing efforts continue to refine HEMS scene response criteria, it is also important to ensure that prehospital providers consistently comply with triage guidelines in force. The data in this study suggest that there are region-specific variations in HEMS use appropriateness, and that these variations are not explained by either patient-or logistics-related variables. We thus conclude that there is benefit to incorporating regionbased analysis into the utilization review process, because such analysis can assist in focusing ongoing educational efforts. In order to maximize benefits reaped from ongoing improvement in trauma triage science, regional systems should assess whether guidelines that are promulgated are in fact followed. Other systems may benefit from similar self-examination as to whether HEMS use in their own regions is occurring in compliance with governing guidelines.
